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SOME REMARKS ON THE MANAGEMENT OF DIABETES MELLITUS*
The common practice of speaking of the spontaneous diabetes mellitus of
man as a disease is not yet and may never be justified. The term is applied
to any condition in which the oxidation of carbohydrate is chronically
impaired. The process of "oxidation" is specified in order to exclude dis-
turbances of glycogenesis and glycogenolysis that may accompany disorders
of the function of the liver, the thyroid, etc. The term "chronically" is used
not in the sense of permanently; disorders with all the characteristics of
diabetes mellitus have been known to disappear completely after they have
persisted for considerable periods of time. "Chronically" is intended to
exclude transient impairments of carbohydrate oxidation, such as those
associated with starvation, administration of adrenaline, drugs, etc.
Inherent reactions of intermediary metabolism follow essentially the same
procession in all mammals. All utilize similar materials, are controlled by
the same enzyme systems, regulated by the same hormones. Nevertheless,
species differ sharply from one another in their reactions to diets, to hor-
mones and to disease, injury or removal of organs. The blood sugar of the
goat and other ruminants, for example, is low. The dog, inured to a carni-
vorous diet, is peculiarly tolerant to carbohydrate starvation and resistant to
ketosis. The rabbit is unable to utilize protein and fat with facility. After
destruction of the islands of Langerhans it fares well, despite glycosuria, if
fed carbohydrate; but, if deprived of carbohydrate, rapidly succumbs to
ketosis. These distinctions between species are probably referable to differ-
ences in the relative speed of reactions of enzymes and of the delivery of
or response to hormones. It follows that, although animal experiments may
throw great light on the phenomena of intermediary metabolism in health
and disease including diabetes, they cannot be translated bodily into terms
of human physiology or pathology. To no other field is Pope's line: "The
proper study of mankind is man," more appropriate.
The discovery that a disorder closely resembling human diabetes can be
produced in man and other animals by removal of the pancreas or destruc-
tion of the islands of Langerhans has led many to attribute human diabetes
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to disease of these structures. Positive evidence in support of this view is,
however, meager. Human pancreatic diabetes does occur; but lesions of the
islands of Langerhans cannot be demonstrated consistently in patients with
spontaneous diabetes. When such lesions are found, their severity is not
correlated with the gravity of the metabolic disorder. Now that operative
removal of the whole pancreas is feasible, it has been possible to study the
effects of this procedure in man. As might have been anticipated from
studies of other anthropoids and from the intermediary metabolism of
humans, after pancreatectomy glycosuria and hyperglycemia can usually be
controlled by moderate doses of insulin, 30 to 50 units daily; but, if insulin
is withdrawn, severe acidosis rapidly ensues. On the other hand, some
patients with clinical diabetes often require far larger doses of insulin to
control glycosuria and hyperglycemia, but tolerate withdrawal of insulin
without dramatic reactions. While insulin derived from the pancreas has
a specific action on the intermediary metabolism of carbohydrate and pro-
tects diabetic patients from the evil metabolic consequences of diabetes, it
can rectify disorders of these processes that do not originate in the pancreas.
Other endocrine products affect carbohydrate metabolism and have,
therefore, been implicated in the etiology of diabetes. While the A-cells of
the islands of Langerhans produce insulin which facilitates the utilization of
carbohydrate, the a-cells elaborate a product, glucagon, which promotes
hyperglycemia and glycosuria. This is not, however, a direct antagonist of
insulin and lacks the characteristics required to reproduce the phenomena
of diabetes. Its chief action appears to be the promotion of hepatic glyco-
genolysis. The anterior lobe of the pituitary secretes hormones that diminish
the utilization of carbohydrate. Eosinophilic tumors of the gland produce
acromegaly. This is usually or often attended by some degree of diabetes,
which is indistinguishable, so far as the disorder of carbohydrate metabolism
is concerned, from other varieties of clinical diabetes. The "diabetogenic"
hormone of the anterior pituitary may exercise a direct anti-insulin effect
in the tissues. Some preparations, when given to animals, ultimately pro-
duce permanent diabetes associated with destruction of islet tissue. No
counterpart of such a condition has been noted in acromegalic patients. The
diabetes of acromegaly, like other functional manifestations of the disease,
sometimes subsides when the adenoma regresses or degenerates. In any
case it is not consistently attended by discernible lesions of the pancreas.
Tumors or overactivity of the adrenal cortex and administration of corti-
sone or adrenocorticotrophic preparations from the anterior pituitary may
also provoke in man signs and symptoms of diabetes without demonstrable
pancreatic lesions.
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Both epinephrine and thyroxine disturb carbohydrate metabolism, but
their actions differ from those that arise from absence of insulin. Thyroxine,
by accelerating oxidations, imposes upon the organism a greater demand
for combustion of carbohydrate. Epinephrine diverts carbohydrate com-
bustion into the anaerobic pathway that leads to formation of lactic acid.
Both hyperthyroidism and the discharge of epinephrine aggravate diabetes.
While diabetes mellitus cannot be identified consistently with primary
disease of any of these endocrine glands, the metabolic disabilities which
characterize the disease presumably involve disorders of their activities or
the effectiveness of the hormones they secrete.
Diabetes is one of the commonest disorders; its incidence in the popula-
tion as a whole has been placed as high as 10 per cent. It follows that almost
all disorders and diseases are found in company with diabetes, making it
difficult to decide whether these coincidences are accidental or significant.
There appears to be a definite hereditary tendency to the disorder; but the
statistical conclusion that it is a recessive characteristic is open to objection
until it has been ascertained that it is a distinct and uniform entity.
Diabetes has been discovered in infants shortly after birth (it has even
been claimed that it may occur in utero). Its incidence rises gradually in
childhood and early adult life; but mounts with increasing acceleration
during and after the fifth decade, assuming the shape of the curve usually
attributed to senescence. Such a curve prompts the questions: (1) whether
this accelerated incidence represents the fruition with time of processes
originating earlier in life; (2) whether it indicates the accession of a new
disorder or disorders; (3) whether it is merely part of the attrition of the
ageing process. The child with diabetes has notoriously run a stormy
course, punctuated with acidosis, insulin reactions, and other metabolic
vicissitudes. Whether this instability was merely a reflection of the insta-
bility of carbohydrate metabolism in childhood or whether the diabetes of
childhood was a distinct entity could not be ascertained before the advent
of insulin, because up to this time children with diabetes did not grow up.
Records relevant to the life history of diabetes began less than 30 years ago.
From limited data it appears that the diabetes of childhood tends to become
less unstable with advancing age. There is often a renewal of the storm
during adolescence; but in the majority of those who survive to full
maturity the disorder assumes a more measured course.
As the age curve is followed there is an increasing incidence of vascular
disease, with or without hypertension, characterized by obliterating endar-
teritis of the smaller, and calcification of the larger, arteries, with an especial
predilection for the arteries of the cerebrum, the heart, and the lower
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extremities, giving rise to vascular accidents in these regions. Furthermore,
in a large proportion of diabetics material that appears to be composed of
protein is deposited in the glomerular tufts of the kidneys and the eyesight
is gradually destroyed by rather distinctive lesions of the retinal vessels.
So great is the incidence of vascular disease that it is regarded by many as
a consequence of the diabetes. It is, however, a fallacy to presume that
because two variables are correlated with one another they have the rela-
tions of cause and effect, or without other grounds to assign to one of them
the role of cause. A plausible argument could be built up to the effect that
the vascular disease, not the diabetes, is the primary disorder. The glucose
tolerance of patients with vascular disease, including Buerger's disease, is
frequently reduced. There is no consistency in the order of appearance of
the diabetes and the vascular disease. It is quite possible that they are only
different manifestations of a syndrome or diathesis. In fact, this view is
rapidly gaining ground at the present time. There is no unassailable evi-
dence that the metabolic disturbance of diabetes conduces to vascular disease
(Lukens' single diabetic dog that developed Kimmelstiel-Wilson lesions
of the kidneys bears no more weight than the single robin that is no
harbinger of spring). Although the incidence of diabetes is correlated with
the incidence of vascular disease, the severity of the two conditions is not
directly correlated. Indeed, some have contended (as yet without altogether
adequate grounds, I believe) that the diabetes of patients with the
Kimmelstiel-Wilson complex is relatively benign. The picture is somewhat
confused by the fact that the vascular disorders of diabetics do not all
follow the characteristic pattern. There is no evidence that diabetes pro-
tects persons from the types of vascular disease to which the rest of the
population is subject. Indeed, it may render them more vulnerable. Recent
reports have indicated that the incidence of pyelonephritis, a major cause
of hypertensive vascular disease, in female diabetics far exceeds that of the
population at large. I suspect that this may be a product of irritation and
infections of the vulva and vagina induced by glycosuria.
Diabetic women seem to be peculiarly prone to toxemias of pregnancy
and to bear unusually large children. The etiological role of the metabolic
disorder in these two phenomena is also open to question; they too may be
features of the same or another syndrome or diathesis. Women whose
diabetes began after one or more pregnancies have been found to have had
a greater than normal incidence of both toxemias and oversize babies in
the pregnancies preceding the onset of diabetes.
Neuropathies of a varied nature are unusually frequent in diabetes. These
again are unrelated to the severity of the metabolic disorder; their correla-
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tion with the vascular disorders is uncertain. The subject is confusion
twice-confounded because the known association serves as an evasive
mechanism for the medical profession. Pains and disabilities of all kinds are
cursorily consigned to the category of neuropathies and diabetics with true
neuritides frequently receive less careful scrutiny than would be accorded to
other patients with similar disorders.
Depancreatized animals almost regularly develop metabolic cataracts.
There was a tendency to attribute these to the absence of the external
secretion of the pancreas, since the hypocalcemia of steatorrhea was known
to lead to the formation of cataracts. The discovery that cataracts regularly
occur in alloxanized animals seems to connect them with the metabolic dis-
ability of diabetes. It is now established that the incidence of cataracts in
diabetic patients is excessive; but, unlike diabetic animals, the majority of
human diabetics survive for years without developing such lesions. On the
other hand, a certain number, not necessarily the most severe, develop
precocious metabolic cataracts.
These prominent associations have been selected from a great number,
verified or alleged, to emphasize the point that human diabetes cannot be
treated as a disorder of metabolism alone. Each patient must be scrutinized
for these complications if therapy is to be properly directed. Moreover,
these associations deserve the most meticulous study, since in them may lie
some of the secrets of the nature of human diabetes, whether this be singular
or plural. Such a study must be made without inhibitory preconceptions.
Statistical analyses of correlations of the phenomena of the disorder are
likely to be useful only for purposes of prediction. A careful investigation
of the natural history of diabetes promises greater returns. The sad realiza-
tion has been reached that a large proportion of children afflicted with the
disorder follow the pattern of adults with respect to vascular disease. This
majority in both groups is, however, no more important than the minority
that mysteriously escapes these evils, or, since the life history of the young
diabetic is still to be written, has managed to survive without them far
beyond the general expectation.
A word on another point to which I shall revert later: it is too early to
congratulate ourselves and somewhat ridiculous to blame patients for the
incidence of these associated complicating conditions. Some of the most
medically virtuous have succumbed early, while rascals have escaped. I will
not say that only the good die young; but experience has convinced me that
in this, as in many another, panel of life, virtue too often has to be its own
and only reward.
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Insults that alter the metabolism of normal individuals necessarily disturb
that of diabetics. Indeed, since the metabolism of the latter is already im-
paired, it is more sensitive to such insults. Most infections aggravate dia-
betes. Just how they achieve their effects is not clear. It has been suggested
that the impairment of carbohydrate metabolism is an expression of the
injury reaction; but its severity does not seem to be, like that of the injury
reaction, correlated with the gravity of the initial insult. This statement is
made with reservations because neither the gravity of an infection nor the
severity of a given diabetes can be quantitatively evaluated. Patients may,
however, be driven into acidosis by a minor respiratory infection or
furunculosis, yet tolerate a lobar pneumonia with little reaction. It is in-
triguing to inculpate the injury reaction rather than a specific susceptibility
to infectious agents, since traumatic lesions, including surgical operations,
have a comparable effect. There are even plausible reports of instances in
which diabetes, either temporary or permanent, appears to have originated
with an infection or injury that did not directly involve the pancreas or
other endocrine glands.*
The impression that diabetes conduces to the incidence of and diminishes
the resistance to infection is derived partly from traditions antedating
insulin and the modern treatment of diabetes and partly from the failure to
distinguish between the effects of the metabolic disorder per se and its
consequences or associations. Before the advent of insulin, infections played
a sinister role in diabetes because their aggravating effect on the metabolic
disorder could not be combatted. For similar reasons the tolerance to
trauma was equally poor. Since the nutrition of diabetics could not be
maintained, they became victims of the same infections that multiply in
famine areas, especially the great harvester, tuberculosis. Towards the end
of the era of treatment by starvation and undernutrition it became apparent
that pulmonary tuberculosis was a major, if not the greatest, single cause of
diabetic mortality. The great incidence of chronic pyelonephritis in diabetic
women and its probable causes have already been mentioned. A plea is
entered for less instrumentation of this vulnerable urinary tract, especially
the introduction of catheters, particularly inlying catheters inserted for the
convenience ofphysicians, surgeons, and other attendants. Any part that has
an inadequate blood supply is peculiarly susceptible to infection or trauma
and less able to combat and repair injury. If the metabolic disorder is
* The most credible of these reports deals with self-limited or temporary diabetes.
The incidence oftemporary traumatic diabetes appears to have increased in recent years.
This may be attributed to the greater number of accidents in which sudden deceleration
with resultant concussion is involved. Injuries of the cranial contents are particularly
prone to disturb carbohydrate metabolism.
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properly controlled, the diabetic appears to be at no greater disadvantage
than the non-diabetic with a similar degree of circulatory impairment. The
patient who loses a leg after a minor accident to the toe may recover with
a normal course after an infection of the hand or an abdominal operation.
The patient with loss of sensation in his feet, whether diabetic or not, should
not take off and put on his shoes and stockings in the dark nor warm or
dry his feet in the oven.*
Although muscular exercise is not supported entirely by combustion of
carbohydrate, as Myerhof and Hill once proposed, it does promote the
preferential combustion of carbohydrate. The respiratory quotient rises
even if the degree of activity is too small to increase the lactic acid or reduce
the CO2 of the plasma. The blood sugar does not rise, but hepatic glycogen
falls, the supply of glucose by the liver keeping pace with its consumption
by the muscles. These effects of exercise are not referable to a direct action
of insulin; they are demonstrable in diabetic animals and people. In severely
diabetic patients spontaneous combustion of carbohydrate is reduced to a
minimum so that the effect of exercise is not easily demonstrable without
insulin. Exercise, however, diminishes the insulin required by such subjects
and, if insulin is prescribed without allowance for the effect of the exercise,
may induce hypoglycemia. The administration of carbohydrate, or its con-
sequence, hyperglycemia, also accelerates the combustion of carbohydrate,
presumably by force of mass action.
Starvation or complete deprivation from preformed carbohydrate reduces
the ability to burn carbohydrate and consequently diminishes the glycogen
of the liver. Eventually the support of energy metabolism is taken over
entirely by fat and protein. This involves a profound readjustment of the
intermediary metabolism which cannot be immediately reversed; a state of
starvation diabetes has been created. If, in this state, carbohydrate is taken,
the blood sugar rises excessively and remains elevated unduly long; glucose
will appear in the urine if sufficient carbohydrate is given. Not all the sugar
given is excreted, however, by the normal person; the major portion is
stored in the liver as glycogen. Only after the lapse of a certain amount of
time after administration of enough carbohydrate does the metabolism
return to its usual course. This inhibition of carbohydrate combustion, like
* A patient in the dispensary was found to have a deep chronic ulcer on his foot of
which he had been unaware. He proved to have complete anesthesia of the feet and it
was learned that he had a peculiar habit of always taking his shoes and stockings off
and putting them on in the dark so that he never saw his feet. On a subsequent occa-
sion, though he had been carefully warned, he fell asleep while his feet were in the oven
where he had placed them in order to warm them and to dry his shoes. He suffered
deep burns that ultimately required the amputation of one leg.
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the accelerating effect of exercise, is not mediated by insulin; in fact,
starvation retards the action of insulin. Diabetes mellitus does not confer
protection against starvation diabetes; on the contrary, deprivation of
carbohydrate aggravates the disability of diabetes mellitus. Anything that
accelerates the consumption of the stores of carbohydrate in the body
hastens the onset and exaggerates the severity of starvation diabetes. Adult
men, even after prolonged fasting, do not develop enough ketosis to produce
appreciable acidosis; women, on the other hand, become acidotic after a fast
of 48 hours or less, apparently because they use carbohydrate less economi-
cally than males do. The pregnant woman, who is even more extravagant
with sugar, is peculiarly sensitive to starvation. Children appear to be less
tolerant than adults. Physical exercise, since it creates a preferential demand
for carbohydrate, hastens the onset of starvation diabetes. At the end of a
ten-mile walk before breakfast Douglas' respiratory quotient fell to near
0.70 and ketone bodies appeared in his urine. His associate, Courtice, who
habitually ate more carbohydrate, was able to extend his morning walks
somewhat further before the appearance of starvation phenomena. Both had
high and prolonged glucose tolerance tests after their exercise.
Although diabetes mellitus does not decrease the amount of carbohydrate
in the body, it does accelerate the exhaustion of the exogenous or preformed
carbohydrate and is, therefore, a potent agent in the production of starva-
tion phenomena. The incidence and intensity of glycosuria in diabetics
during the course of the day was found by Kydd and Peters to be greatest
before and after, especially after, breakfast. Glycosuria which occurs only
after breakfast can occasionally be eliminated by having the patient take the
breakfast fruit juice a half-hour or an hour before the remainder of the
meal. When only short-acting regular insulin was available, one of the most
serious therapeutic problems was the prevention of glycosuria during the
sleeping hours when the patient was starving and physically inactive.
Merely increasing the dose of insulin before supper or giving an extra dose
before bed did not solve the problem. It tended, rather, to provoke or
increase resistance to the morning dose of insulin.
Next to severe diabetes itself nothing more rapidly exhausts the stores of
preformed carbohydrate in the body than insulin itself, when given without
food. It accelerates the combustion of extrahepatic glycogen and the conver-
sion of carbohydrate to fat at the expense of liver glycogen, and retards the
replacement of the latter by carbohydrate derived from protein. So long as
the supply of exogenous carbohydrate is adequate, insulin not only acceler-
ates its combustion and conversion to fat, but also tends to preserve hepatic
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glycogen. In the absence of an adequate supply of exogenous carbohydrate
it conduces to hyperglycemia and exhaustion of liver glycogen. Hypogly-
cemia, with its drastic effects on the circulation and the central nervous
system and the unhappy disorders of behavior it provokes, is of itself highly
undesirable. If it is prolonged until preformed carbohydrate is exhausted,
as soon as the action of the insulin is dissipated starvation phenomena
appear. In the diabetic patient these phenomena assume an aggravated
form: hyperglycemia, glycosuria, ketosis, and resistance to insulin may
ensue.
The objective in the treatment of any chronic disease should be to enable
the patient to enjoy as full and untrammelled a life as possible. Medicine
should not be entirely negative and restrictive. It should especially avoid
emptying life of the features that give enjoyment and a sense of accom-
plishment. The therapeutic regime should not make the patient conspicuous;
his ailments are his own business. With insulin preparations that are now
available the diabetic should be enabled to pursue a normal course of life
with no lets or hindrances other than adherence to a diet, injection of
insulin, and analysis of urine, except as these may be necessary to meet
complicating or associated disorders. The patient with advanced arterial
disease cannot profitably return to digging ditches. Since all the activities
and vicissitudes of life influence the course of diabetes, no satisfactory
therapeutic regime can be established or adjusted in a hospital. Hospitaliza-
tion is necessary or desirable only for the management of complicating
conditions or emergencies.
The diet should be adequate in all respects and adapted to the activities
of the patient. The evil effects of undernutrition are more costly than extra
food and insulin. Obesity should be avoided by all persons: It is especially
contraindicated for diabetics because it imposes an extra load on the vulner-
able circulation and feet and also aggravates the diabetes. This may be only
because it increases caloric consumption. Reduction of weight decreases the
severity of diabetes and may in some mild cases eliminate all symptoms and
signs of the disorder. One gram of protein per kilogram of body weight
per day provides a margin of safety against wastage of this essential food.
There are no contra-indications to a more generous allowance. For ex-
tremely obese persons the quantity will have to be based on some com-
promise between the actual and the desirable weight if reduction is to be
successful. Some limitation of carbohydrate is desirable, if only in the inter-
ests of economy. Highly sweetened desserts are particularly to be avoided.
Since it is difficult to estimate their composition, small errors in the evalua-
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tion of servings may make large differences in the carbohydrate intake.
Enough should be provided to permit the selection of a suitable meal from
food offered in the usual home or restaurant, including some starchy foods,
fruit, and generous amounts of vegetables. This requires at least 100 gm. of
carbohydrates. Unless reduction of weight is desired, the allowance should
be more generous, 150 gm. or more. The remainder of the calories must be
furnished by fat. This cannot be estimated, with the aid of dietary tables,
according to size and presumed activity. Such tables are useful only for the
calculation of a first approximation. Ultimately the adequacy of a diet must
be established empirically by observation of weight and growth.
Even the most skillfully calculated diet will seldom fit perfectly. The
patient should be directed, while adhering to the diet as precisely as pos-
sible, to keep a record of difficulties encountered. This bill of complaints
should be presented to the physician at intervals. It should be considered
not only from the standpoint of nutritive requirements, but equally from the
standpoint of tastes, habits, personal, national, and religious prejudices,
convenience, and pocketbook. For convenience diets are estimated and
recorded in terms of grams of protein, carbohydrate and fat, and calories,
proportioned to the patient's size and activities. They should be prescribed
in terms of prepared foods and household measures which the patient should
learn to visualize. Social intercourse which centers much about the table is
impracticable if meals must always be negotiated through scales and gradu-
ates. The diet should be as varied as possible. Foods seldom appear raw and
naked. Some knowledge of their preparation is helpful in the analysis of
their treacherous coverings and adornments. The patient should be en-
couraged and helped in efforts at self-education in these matters. Without
such interest and support, adherence to a prescribed regime cannot be
expected. To place the full onus for infractions of dietary and other regu-
lations upon the patient is an evasion of responsibility by the physician,
whose prior assumption should be that the regime has been improperly
devised. To upbraid the patient as if weaknesses were sins may destroy the
frank relations that should prevail between physician and patient. To invoke
fear is cruel. Lapses should be met with sympathy and understanding, their
consequences explained with kindly reason. Self-righteousness on the part
of the physician does not benefit the patient. An honest compromise, even
though not altogether desirable, may be necessary. A little liberty is better
than license.
Children require especial consideration because of their malleability and
dependence. They should be given as much liberty as is compatible with
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safety, not become so knit to parents that they are deprived of free associa-
tion with other children in healthy, enjoyable activities. Parents should be
counselled to avoid as far as possible punitive measures in the control of
treatment lest fear and deception be fostered. The first thought must be
that misbehavior arises from the outcry of natural instincts and that efforts
must be directed to the discovery and removal of its causes.
Diets must be planned with consideration not only of the quantity, but
also of the distribution of food throughout the day. Long intervals between
meals should be avoided. A late evening feeding should be included,
especially for patients who are receiving insulin, not only to protect them
against nocturnal hypoglycemia, but also to provide for the gastronomic
rites of guest friendship that are inescapable features of all nocturnal social
activities. These evening snacks need not be austerely defined, though they
should be measured with judgment. A prolonged evening occupied in enjoy-
able activity merits a little generous appreciation. Otherwise injudicious
indulgence in cake and ice cream has saved many a boy or girl at a late
dance from the embarrassment of a hypoglycemic reaction. Children should
also have something to eat in the middle of the morning, not only to protect
them from insulin reactions, but because a "middle of the morning lunch"
has become a part of the accepted routine of schools. An afternoon feeding
is usually also desirable since the majority of children eat something after
school and the increased physical activity that comes with release from
educational bondage facilitates the combustion of carbohydrate. Diabetic
children should attend parties, not only diabetic parties. The soul of a chil-
dren's party is ice cream, a well-standardized article of food which is not
vicious just because it tastes good.
The normal or basic diet should be quantitatively constant. Regulation of
diabetes by varying insulin with total disregard of diet entails large fluctua-
tions of urine and blood sugar and danger of hypoglycemia. On the other
hand, when activity, especially physical activity, is for any reason sharply
increased, extra food containing carbohydrate should be taken in anticipa-
tion rather than for correction of hypoglycemia. When the routine of life
involves predictable variations of activity, both insulin and diet may be
varied to fit the schedule. For example, people may be roughly divided into
three classes: seven-day routiners, those who increase physical activity over
the week-end, and those who spend their week-ends avoiding activity. These
differences of habit may require corresponding variation of insulin. Sched-
ules of college students may involve more complicated, but still predictable,
variations. The physician can aid the patient to learn to meet the ordinary
85
I PETERSYALE JOURNAL OF BIOLOGY AND MEDICINE
vicissitudes of life intelligently. Too close adherence to a fixed regime may
be as injudicious as too much laxity.
As an index of the regulation of diabetes, qualitative analysis of the urine
for sugar is usually sufficient. Such tests should be made by someone in the
household, preferably the patient, at appropriate intervals during the day,
since the incidence of glycosuria is as important as its presence. While a
suitable regime is being sought, it may be necessary to test the urine four
times a day, before each of the three chief meals and before retiring; but the
number of analyses should be reduced as a proper schedule is worked out
in order that the regime may be as little onerous as possible. Few patients
require more than two tests a day, one before insulin and breakfast in the
morning, the other either before the evening meal or before bed. Many
require only one a day or one every other day. In this case they should be
instructed to alternate morning and evening tests. If on some occasion the
urine is found to contain large amounts of sugar, or if the patient feels
indisposed or ill, even if the symptoms are not characteristic of diabetes,
more frequent analyses should be made to ascertain whether the indisposi-
tion has adversely affected the diabetes. The ideal objective is continuous
aglycosuria; but in severe or unstable diabetes this cannot be achieved
without danger of hypoglycemic reactions. In such cases freedom from gross
glycosuria for a reasonable part of the 24 hours, in a few even freedom from
overt diabetic symptoms, polyuria and polydipsia, will have to suffice.
Before accepting these compromises as inescapable, however, thoughtful
search should be made for the most suitable arrangement of insulin and
meals that will not distort life intolerably. These compromises should not
include reduction of the diet below optimum requirements since this only
substitutes for the diabetic disorder others that are more serious. The
patient should be taught how to alter insulin to meet ordinary contingencies
and to call the physician when in doubt or difficulty. The physician must be
available and willing to respond to these calls. Advice over the telephone at
the crucial moment may prevent admission to the hospital in acidosis.
Many of the expedients that contribute to the successful prescription
and adjustment of insulin are implicit in the preceding discussion. The urine
specimen before the noon meal* has the least significance, especially if
the patient is receiving NPH or other mixtures of long-acting and short-
acting insulin, because it is influenced by so many different factors: the long
* This and similar terms are used throughout this paper because they apply to the
majority of subjects. For night workers and others who follow unusual schedules they
must be translated to comparable times and intervals.
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overnight fast, the residual effect of the long-acting insulin, the acute effect
of the short-acting insulin, the morning meal and variable activity after the
long night's rest. The urine before the evening meal shows the effects of
both types of insulin, but is usually more indicative of the effect of the short-
acting. The late evening and morning specimens are criteria of the long-
acting insulin; but it must be recognized that increasing glycosuria in these
last specimens may signify not that the patient received too little long-
acting insulin, but that hypoglycemia occurred earlier in the course of the
24 hours.
Since carbohydrate and insulin cannot be administered continuously in
proportions so balanced as to meet the changing metabolic requirements of
life, it is impossible to keep the blood sugar of the diabetic patient within
normal limits throughout the day without precipitating hypoglycemia at
frequent intervals. If the urine is kept free from anything but traces of sugar
for a considerable part of the day and night, there can be reasonable con-
fidence that prolonged excessive hyperglycemia has been prevented. Some
subjects, to be sure, especially among those with severe functional impair-
ment of the kidneys, will maintain a high blood sugar while excreting little
glucose in the urine. To attempt to regulate their diabetes in accordance
with the blood sugar over any appreciable period is quite impracticable
because it requires sampling of blood at frequent intervals. Some would
challenge the utility of maintaining a normal blood sugar if it were feasible,
since hyperglycemia promotes the oxidation of carbohydrate. Within limits
this attitude is defensible; but, since glucose does not enter the mass of
tissue cells freely by diffusion, hyperglycemia induces cellular dehydration.
If on this account hyperglycemia is to be avoided, there is no reason why it
should be less obnoxious at one time of day than another. The time-honored
practice of regulating diet and insulin of a diabetic who is receiving long-
acting insulin and feedings at intervals on the basis of blood drawn in the
postabsorptive state cannot be logically defended. The blood sugar taken at
this time on Tuesday is no precise indication of what it may have been
Monday or is likely to be Wednesday.
Determination of the blood sugar yields information of the greatest
importance in case of emergency when the immediate status of a patient
must be ascertained in order that urgent corrective measures may be
instituted.* The urine sugar is no index of the immediate status, but a
* When there is a question of hypoglycemia, blood for analysis should be obtained
before treatment, if possible; but remedial measures need not be withheld until the
blood sugar is known. Administration of unnecessary carbohydrate has little danger
compared with the administration of unnecessary insulin.
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summary record of the metabolic events since the preceding voiding. When
difficulty is encountered in the regulation of insulin it may be valuable to
secure a blood sugar at a particular time of day, more often to verify a
suspected hypoglycemia than a hyperglycemia. Whether sugar is to be
measured for this purpose or as a routine procedure it can have no relevance
unless it is drawn under the living conditions of a patient. If the patient
usually arises at 6:00 a.m. and takes long-acting insulin before breakfast at
6:30 or 7:00, a postabsorptive blood sugar taken in the doctor's office at
9:00 can give no relevant information. If, because the physician is diverted,
the venepuncture is delayed until 10:00, the observation becomes even
more meaningless. If a patient is suspected of hypoglycemia while at work
or just after work in the late afternoon, little will be gained by having him
stop work some afternoon to sit in the doctor's office till the witching hour
arrives. Knowledge of the blood sugar is of the greatest importance when
it is of any importance, but the information to be derived from it is highly
specific. Perhaps it should be determined as frequently or more frequently
than it now is, not only in diabetes; but it should be taken with careful
consideration of its significance and interpreted in the same spirit.
It has already been admitted that, if it is an evil, a certain degree of
glycosuria will have to be accepted in unstable diabetics as the lesser of two
evils. When it can be eliminated without any serious disturbances of life by
merely observing healthy moderation of diet, there is no reason for allow-
ing it to persist. When glycosuria causes polyuria and nocturia that inter-
rupt normal diurnal activities and sleep, it warrants treatment in behalf of
comfort. Besides these symptoms betoken a certain degree of continuous
dehydration. There is some argument whether intermediate grades of glyco-
suria should be tolerated. As the carbohydrate intake of the diabetic is
gradually increased there is a considerable interval between the increment
that first induces glycosuria and the increment that is completely excreted as
glucose in the urine. In this interval the proportion of each additional incre-
ment that is utilized progressively diminishes. This is an example of the
fact that hyperglycemia promotes combustion of carbohydrate and may be
an argument for complacency towards moderate glycosuria. On the other
hand, the cellular dehydration caused by hyperglycemia cannot be entirely
disregarded. Whether glycosuria and hyperglycemia have other deleterious
effects has not been definitely settled, but cannot yet be unequivocally
denied. In women it seems to conduce to irritation, inflammation, and infec-
tion of the external genitalia which are prone to extend to the urinary tract
with deplorable results.
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The treatment of diabetic acidosis must be reserved for separate
discussion.
Since diabetes is a disorder of metabolism it must be treated with the
utmost consideration of the physiology and chemistry of metabolic processes
and the effect of other vital activities upon these processes. Its management
requires a radical reorganization of the whole conduct of life, usually for
the duration of life and must, therefore, be planned and conducted with the
most careful and sympathetic attention to the patient's habits, predilections,
and activities. Interest must not be centered on the metabolic condition to
the neglect of complications and associated disorders. Knowledge of the
true nature of diabetes will be advanced by an open-minded study of the
natural history of the disorder.
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